Objective: For nearly a century, penetrating keratoplasty has been the surgical technique of choice in the management
Effectiveness and safety of endothelial keratoplasty for pseudophakic and aphakic bullous keratopathy: a systematic review of randomized controlled trials and cohort studies
Eficácia da ceratoplastia endotelial no tratamento da ceratopatia bolhosa pseudofácica e afácica: revisão sistemática de ensaios clínicos randomizados e estudos coortes

INTRODUCTION
A
ccording to the World Health Organization (WHO), diseases affecting the transparency of the cornea are responsible for 5.1% of the total of approximately 45 million cases of vision loss (1) . More than 50% of corneal transplants performed in the USA are performed primarily to treat endothelial dysfunction (2, 3) . Brazil is the country in Latin America in which the most corneal transplants are performed. In 2011, 14,696 eyes were transplanted (4) . In the United States of America, Fuchs' dystrophy (21.3%) and bullous keratopathy post-cataract surgery (12,4%) were considered the main indications for corneal transplantation, and endothelial keratoplasty is now the most common keratoplasty procedure performed there (2) . Corneal transplantation can be divided in posterior lamellar transplantation (i.e., endothelial keratoplasty) and penetrating keratoplasty (PK). For nearly a century, penetrating keratoplasty has been the surgical technique of choice for the management of corneal modifications (5, 6) . Some studies have suggested greater endothelial cell loss in descemet stripping automated endothelial keratoplasty (DSAEK; 34% after six months) than in penetrating keratoplasty (11%) (7) (8) (9) while others have shown that endothelial cell loss after one year is higher with penetrating keratoplasty (10, 11) . Graft survival in both techniques was similar, with better optical results with the DSAEK technique (11) . In a Cochrane systematic review comparing endothelial keratoplasty (EK) to penetrating keratoplasty (PK) in the treatment of Fuchs' endothelial dystrophy that included only one randomized clinical trial (RCT), the authors concluded that there was no high-quality evidence regarding the effects of EK compared to PK on visual acuity (12) . In recent years, endothelial keratoplasty techniques have been developed and modified to improve visual results and to reduce postoperative complications due to penetrating keratoplasty.
Therefore, we evaluated the effectiveness and safety of endothelial keratoplasty compared to penetrating keratoplasty for pseudophakic and aphakic bullous keratopathy though a systematic review. 
METHODS
This systematic review of the literature on interventional studies was conducted in accordance with the PRISMA (Preferred Reposting Items for Systematic Reviews and Metaanalysis) statement (13) .
Eligibility criteria
We considered all randomized, controlled studies and cohort studies evaluating endothelial keratoplasty versus penetrating keratoplasty for pseudophakic and aphakic bullous keratopathy.
The outcomes assessed were visual acuity, endothelial cell count (measured by corneal specular microscopy), endothelial cell loss (as a percentage), rejection (defined as an immunological attack of the epithelium or of the endothelium for penetrating or endothelial keratoplasties, respectively), stromal endothelium, complications (e.g., increased intraocular pressure, cystoid macular edema, corneal infection) and quality of life. Studies were excluded from the review if they were duplicate publications of a study that had already been included, animal studies, case reports or review articles.
Search strategy There was no restriction on language, year of publication or publication status. The search was performed in the following electronic databases: the Cochrane Database of Clinical Trials (CENTRAL, 2015, issue 12), PubMed (1966 PubMed ( -2015 , EMBASE (1980 EMBASE ( -2015 , and LILACS . The databases were searched for available published and unpublished studies through December 11, 2015 .
The search was conducted using multiple combinations of the following key words: endothelial and penetrating keratoplasty (Table 1) .
In addition, a manual search of the bibliographic pages of the selected articles and the content pages of major ophthalmology journals was conducted. Study authors were contacted to identify additional studies.
Study selection and data extraction
The titles and abstracts were reviewed by two researchers (BF and AK) to identify potentially relevant papers. The papers were obtained and independently read in full by the two reviewers. Differences were resolved by discussion and a third party (RED) if necessary. Reasons for exclusion were identified. The data were also extracted independently by BF and AK, based on the inclusion and exclusion criteria defined above.
Risk of bias in individual studies
A risk of bias table, which is a Cochrane measurement tool used to assess the methodological quality of clinical trials, was used as a guide to conduct this systematic literature review (14, 15) . We used the following six separate criteria: random sequence generation; allocation concealment; blinding; incomplete outcome data; selective reporting; and other sources of bias (e.g. conflicts of interest).
Summary measurements and synthesis of results
For dichotomous data, we used the relative risk (RR) as the effect measurement, with 95% confidence intervals (CIs). We considered a random effect model. The null hypothesis of homogeneity across individual studies was tested using the chisquare test and the I 2 value.
RESULTS
The electronic search yielded a total of 893 published papers from the electronic databases, and this total was screened using their titles and abstracts. Forty-four full-text articles were retrieved for further consideration. Crosschecking of the references and manual searches did not yield any additional studies for inclusion. Of these 44 full-text articles, 33 were excluded because they were all case series studies; therefore, ten studies (with one further publication) met the inclusion criteria: one randomized clinical trial with two publications (16, 17) ; three controlled studies (8, 18, 19) ; and six cohort studies (9) (10) (11) (20) (21) (22) (Figure 1 ).
We included 10 studies (8-11, 16-19, 21,22) in this review. These studies involved a total of 21,118 participants. Coster's (20) study evaluated the most participants (n = 17,065), while Fayez's (17) study investigated the smallest number of patients (n = 23) among the studies included. See Figures 2 and 3 . Table 1 The search strategy that was modified accordingly for each electronic database 
Risk of bias in the studies included
Generation of allocation and allocation concealment
Fayez's (17) study did not report either how the allocation was determined or the allocation concealment; thus, this study was classified as having an uncertain risk of bias for this domain. The three controlled studies (8, 18, 19) were classified as having a high risk of bias because they did not perform the generation of allocation as well as the cohort studies (9) (10) (11) (20) (21) (22) and according to their design, randomization was not applicable.
Blinding Blinding of personnel was not possible; therefore, this None of the included studies reported on masking (8) (9) (10) (11) (20) (21) (22) ; thus, they were classified as having an uncertain risk of bias. Incomplete outcome data Fayez's (17) study did not report whether there were dropouts; therefore, the study was ranked as having an unclear risk of bias. However, Price's (8) study presented 25% withdrawals; therefore, the study was ranked as having a high risk of bias for this domain. Allan's (9) study reported a dropout rate of 12.5%; thus, the study was classified as having a low risk of bias (less than 20% lost).
Several studies did not report whether there were losses to follow-up, and were thus ranked as having an unclear risk of bias. (9) (10) (11) (18) (19) (20) (21) (22) 
Effectiveness of interventions
The clinical and methodological diversity found in the studies included meant that it was not possible to combine studies in a meta-analysis. Furthermore, the majority of the studies did not present the data separately per clinical conditions (i.e. Fuchs' endothelial dystrophy or pseudophakic and aphakic bullous keratopathy).
DISCUSSION
Ophthalmic surgeons worldwide have observed with enthusiasm the results of published studies showing favorable data on this new corneal transplant technique (EK) compared to penetrating keratoplasty, which is still considered a safe technique and remains the most commonly used method worldwide (9) . Over the last two decades, new approaches to corneal decompensation resulting from endothelial diseases have been applied, including endothelial keratoplasty. In 2009, more than 40% of corneal transplants in the United States were performed using EK (22) and the performance of this technique has been increasing in developing countries (23, 24) . However, the majority of these studies presented reasonable sample sizes but short follow-up periods, and most of the studies presented selection bias classified as a high risk of bias for this domain.
Of the ten studies included, only one was a randomized, controlled trial; however, it was only available as an abstract. The remaining studies were classified as cohort or controlled studies, and they all had sample sizes of less than 769 participants (22) except the Coster (20) study which evaluated a very large sample of 17,065 eyes. However, we could only evaluate corrected visual acuity due to the lack of comparative tables between the EK and PK techniques.
Furthermore, the outcomes evaluated were heterogeneous among the studies included, and the surgical techniques were also different. These studies lacked blinding, thus increasing the performance and detection bias. Due to the heterogeneity of the studies, it was not possible to evaluate the included studies in a meta-analysis.
Theoretically, there is a lower risk of immune rejection due to the smaller amount of transplanted tissue and because the endothelium is located more internally, without contact with the external environment. Finally, with the EK technique, there is greater potential for the use of the corneal tissue because the front side is used for a particular patient, while the back side can be used for another patient (25, 26) .
Despite the promising results of some studies, which increasingly encourage ophthalmologists to practice this new transplant technique, the learning curve and therefore the proficiency and cost of the procedure remain challenges to be overcome.
A recent study showed that EK is more expensive than PK, especially if there is failure of the primary transplant and when the technique must be repeated; consequently, this increased cost might generate both patient and surgeon discomfort, and it is already known to be costly. Even when carried out by experienced surgeons who have performed more than 100 cases, cases of primary graft failure still occur (20) . Therefore, it would be prudent to enable new corneal surgeons in referral centers to improve their results and to avoid increases in hospital costs and greater suffering of patients.
More studies must be performed by experienced surgeons with adequate samples of patients. In addition, longer follow-up periods of at least five years, and other types of outcomes, such as quality of life, should also be evaluated.
There is no robust evidence that endothelial keratoplasty is more effective or safer than penetrating keratoplasty for the improvement of visual acuity and corneal endothelial cell counts, as well as decreased rejection rates in aphakic and pseudophakic bullous keratopathy.
